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ABSTRACT 


The Copern'tcus satellite has surveyed the spectral region near La to ob- 
tain column densities of interstellar HI toward 100 stars. The distance to 10 
stars exceeds 2 kpc and 34 stars lie beyond 1 kpc. Stars with color excess E(B-V) 
up to 0.5 mag are observed. A definitive value is found for the mean ratio of 
total neutral hydrogen to color excess 

<N(HI+H 2 )/E(B-V)> = 5.8 X 10^^ atoms cm"^ mag’^ 

For stars with accurate E(B-V), the deviations from this mean are generally less 
than a factor of 1.5. A notable exception is the dark cloud star, p Oph, with 
N{HI+H 2 )/E{B-V) = 15,4 X 10^^ atoms citi"^ mag”^. A reduction in visual reddening 
efficiency for the grains that are larger than normal in the p Oph dark cloud 
probably explains this result. The conversion of atomic hydrogen into molecular 
form in dense clouds is observed in the gas to E(B-V) correlation 

plots. The best estimate for the mean total gas density for clouds and the inter- 
cloud medium, as a whole, in the solar neighborhood and in the plane of the galaxy 
is <n{HI+H 2 )> = 1.15 atoms cnrj and those for the atomic gas and molecular gas 
alone are <n{HI)> = 0.86 atoms cm" and <n(H 2 )> = 0.143 molecules cm* . For the 
intercloud medium, where molecular hydrogen is a negligible fraction of the total 

- *3 

gas, <n(HI)> =0.16 atoms cm with a Gaussian scale height perpendicular to the 

plane of about 350 pc, as derived from high latitude stars. Considerable variation 

in density is prese.it at low latitudes with n(HI) ranging from <0.008 to 12 atoms 
-3 

cm . Some correlation exists between neighboring directions with densities 
smaller than normal toward the Gum Nebula and above average in the Sco-Oph 
association. The general agreement and a few specific discrepancies between the 
La and 21 -cm measurements of the gas are discussed. 

Subject headings : abundances - interstellar matter - molecules, interstellar - 

spectra , ultraviolet 
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I. INTRODUCTION 


Absorption in the HI La line provides a fundamental measurement of the 

interstellar gas. The only assumptions involved in reducing La profiles to 

column densities N(HI) are that the interstellar line has a pure damping profile 

and that the stellar La line is much narrower than the interstellar absorption. 

These conditions are satisfied for N(HI) > 5 x 10 cm" and for spectral types 

of about B2 and earlier (Savage and Panek 1974). Conversely, the 21 cm emission 

measurements depend on instrumental calibrations and saturation corrections. Even 

in the optically thin case, a model of the galactic rotation is required to obtain 

the spatial distribution of the gas. The neutral gas densities that are derived 

from 21-cm survey data apply on a qalaccic scale for distances greater than about 

1 kpc. The stars observed in this survey at La are all closer than 3400pc, and 

two-thirds are within lOOOpc. Paper I (Savage et a1 . 1977) contains the results 

for the column densities of molecular hydrogen N(H 9 ) = zN(J) for 109 stars. This 

^ J 

work (Paper II) presents N(HI) values for lOO stars, 60 of which are new measure- 
ments and 40 are from Bohlin (1975). The total hydrogen column densities N(HI + Hg) 
N(HI) + 2N(Hg) for the 96 stars common to Papers I and II are essential to absorption 
line studies of heavy element depletion for these 96 lines of sight through the 
interstellar medium (ISM). 

II. OBSERVATIONS AND COMPARISON WITH OAO-2 

The La region from 1170 to 12708 was scanned at 0.2^ resolution with the U2 
detector of the Copernicus satellite. Most of the U1 scans of Hg for Paper I 
were obtained while U2 was moving, but still occulting the U1 stray light hole 
(Rogerson et al . 1973) . The La spectra were corrected for stray and scattered 
light according to the prescription of Bohlin (1975). Values for N(HI) were 
derived by multiplying the observed spectra by exp [+ Qj^N(HI)] for various trial 
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values of N(HI} and then choosing the N(HI) that provided the best continuum 
reconstruction (see Bohlin 1975 for details). A Lorentzian profile was assumed 
for 0^, the absorption cross section. The values for N(HI) for the 40 stars 
from the earlier work were unchanged in this paper, with the exceptions of a Vi r 
and ? Cen. The upper limit for a Vir becomes the actual N(HI) because of 
measurements in the higher Lyman lines (York and Rogerson 1976), Because of 
probable stellar contamination for a B2.5 IV star, the column density for 5 Cen 
is now listed as an upper limit (see York 1976). The final results for all 

100 stars are in Table 1, where the columns are: (1) HD number, (2) name, 

(3) galactic longitude and (4) latitude, (5) spectral type, (6) photometry in 
V and (7) B-V, (8) the color excess in B-V, (9) the stellar distance in pc, 

(10) the atomic hydrogen column density in atoms cm" , (11) the probable error 

for N(HI) in percent, (12) the mean space density of atomic hydrogen in atoms 

-3 -P 

cm” , (13) the molecular hydrogen column density from Paper I in molecules cm'^ 

with the power of 10 in parentheses, (14) N(HI+H2) = N(HI)+2N(H2), the total 

-2 

neutral hydrogen column density in atoms cm , and (15) the total mean space density of 

hydrogen along the line of sight in atoms cm . The sources of the spectral 

types and photometry and the method of computing distances are listed in Paper 
I. A colon indicates an uncertain value. 

The second largest set of interstellar La spectra was obtained by OAO-2 for 
95 stars and analyzed by Savage and Jenkins (1972) and Jenkins and Savage (1974). 

The Copernicus values for N(HI) have smaller error bars and are preferred for the 
47 stars observed by both satellites. Figure 1 compares the data for the 47 
stars and provides a basis for evaluating the 48 values of N(HI) determined only 
by OAO-2. The filled circles are from the first Copernicus survey of 40 stars 
(Bohlin 1975), and the open circles are new results from this paper. The open 
circles tend to lie at larger values of N(HI), because this second survey 
emphasizes more highly reddened stars. Below H(HI)=10 cm , the OAO-2 values 
are often much too large, since at 12^ resolution the OAO-2 soectra do not 
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distinguish the interstellar core from the dominant stellar U line. For 
N(HI) > 10“^ cm , the two determinations rarely differ by more than expected, 
as shown for some typical error bars, Thus, the OAO-2 column densities are 
a satisfactory secondary source for individual stars, except for c Cas, where 
N(HI) from Bohlin (1973) is preferred. 

III. GAS TO COLOR EXCESS RATIO 

The observations divide naturally into two different groups, depending 
on whether the fraction of Hg, f = 2 N(H 2 )/[ 2 N(H 2 ) + N{HI)], is more or less than 
1 percent. Usually, the amount of Hg is at least a factor of 100 below 1 per- 
cent whenever it is that low because of the bimodal distribution of N(H 2 ) found 
by Bohlin (1975) and Spitzer and Jenkins (1975), also see Paper I. The low and 
high values of f probably determine whether the line of sight is entirely in the 
Intercloud medium, or whether it Intersects a region of high density, where Hg 
concentrations can be large. Table 2 contains the mean values computed fr .m 
the data, where all peculiar, emission line, Wolf-Rayet stars, stars with uncertain 
photometry, and the 4 stars without Hg measurements have been excluded from consider 
ation. The upper limits on N(Hg) have been set equal to zero when computing the 
total amounts of hydrogen, since the upper limits are less than a few percent 
of N(HI) in all cases. Except for the gas to color excess values, the^? .v ns 
are not representative of the ISM, as a whole, but are typical for the lines of 
sight to bright OB stars. 


a) Interpretation 

The entry in Table 2 for < N(HI+H 2 )/E(B-V)> for all 75 stars provides a 

21 -2 -1 

definitive value of 5.8 x 10 atoms cm mag for the mean ratio of total neutral 
hydrogen to color excess E(B-V), a measure of the dust. The mean for the 30 stars 
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with f< 0.01 is in good agreement with this global average, contrary to the results 

of Bohlin (1975), who found a significantly lower value. This change was caused 

by the inclusion of new measurements and the exclusion of peculiar and emission 

21 

line stars, which tend to be intrinsically reddened. The value of 5.8 x 10 atoms 
cin"^ rnag"^ does not include a correction for the ionized component of the ISM in 
Mil regions. However, Jenkins (1976) has estimated that only about 4 percent of 
the total gas is ionized for the present set of OB stars. This is consistent 
with the accepted value of the mean electron density <n^> = 0.03 cm (Taylor and 
Manchester 1977). 

Figure 2 illustrates the good correlation betv/een the gas and E(B-V). Figure 
2a includes all 100 stars from Table 1, where the dashed line is the mean of 

PI _p 

4.8 X 10 cm mag for atomic hydrogen alone. In Figure 2b, the 96 stars 

21 

with both HI and Hg column densities scatter about the dashed line for 5.8 x 10 
~9 -1 

cm mag representing the average ratio of total hydrogen to color excess. The 
open symbols denote the stars with uncertain E(B-V) that are omitted in calculating 
the mean values of Table 2. A number of these points lie to the right of the dashed 
line because of intrinsic reddening. The two most deviant points are for the Be 
stars, Per (B2 Vpe) and 59 Cyg (B1.5 Venn). If the actual interstellar reddening 
is average for the measured N(HI+H 2 ), then both <ti Per and 59 Cyg have an intrinsic 

(B-V) reddening of 0*”.14. This reddening is probably the result of 'atmospheric 

extension (see Fig. 1,3 in Haisch and Cassinelli 1976). 

In Figure 2 the conversion of hydrogen into molecular form is clearly evident 

for E(B-V) > 0.2. The scatter of the points about the mean lines is reduced 

in 2b and most of the deficiences of gas at large E(B-V) in 2a are removed in 2b, 

even though only 17 percent of the total measured gas is Hg. The triangles 

”3 

are the stars with mean observed densities n(HI+H 2 ) > 1 cm , The expectation 
that a bigger fraction of H 2 exists in the most opaque clouds is supported by the 
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5 triangles at E(B-V) > 0,3 that fall the farthest below the dashed line in 2a, 
but are located normally In 2b. The slight tendency for the triangles to lie 
higher than the circles in 2 b might be caused by a change in the shape of the 
extinction curves in dense clouds due to a conversion of small grains into 
larger ones (see the discussion for p Oph in 5 IIIc). Below E(B-V) 0.04, the 
deviation of the filled circles from the dashed line is probably not significant 
because of the errors in the estimates of E{B-V). For 0.04 < E(B-V) 5 0.08, 
there are 7 filled circles In Figure 2b which seem to lie systematically low. 

Part of this effect may be due to general ionization in the Gum Nebula (see IV) 
and in the stellar HII regions. The closest HU regions suffer the greatest 
fractional ionization in the line of sight. Since 4 of these 7 stars are iota 
and the 3 belt stars in Orion, another possible contribution is aiionalous 
reddening in that part of the sky. 

b) Independent Determinations 

Table 3 summarizes the modern measurements of the gas to color-excess ratio, 

using independent techniques. All values for both the atomic and total gas are 

in excellent agreement. For E(B-V) > 0.10 where the photometry errors are minor, 

the inte'-nal agreement of the individual stars in Figure 2b is also excellent, 

with a typical scatter of only '^30 percent about the mean line. Rarely does 

21 -2 -1 

a point differ by more than a factor of 1.5 from 5.8 x 10 cm mag . Thus, 
for most of the diffuse interstellar medium, <N(HI+H 2 )/E(B-V)> seems to be 
a constant, independent of location in the sky. However, the point for p Oph 
suggests that this ratio is different for stars with anomalous extinction (see 
§ IIIc). 

The 21-cm measurements summarized in Table 3 are tov/ard distant globular 
clusters and stars with known E(B-V). Over the same range as Figure 2 in E(B-V), 
the same result for <N(HI)/E(B-V)> is obtained from all three sources. If the 
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galactic dust distribution is thinner than that of the gas, as suggested by FI txGeral d (l 968), 

the gas to color-excess ratio should be larger at high latitudes. However, neither 

the present data, nor the results of Knapp and Kerr (1974), nor those of Heiles 

(1976) show convincing evidence for a systematic variation of the ratio with 

galactic latitude. The interpretation of the 21-cm results is complicated at low 

latitudes and at high i;(0-V), because of conversion of atomic gas to molecular 

form and possible saturation of the 21-cm line emission (Knapp and Kerr 1974). 

X-ray absorption occurs over a large range in extinction for supernova rem- 
nants with E(8-V) < 1.5, and up to E(B-V) = 9.5 toward the galactic center. 

The X-ray absorption is primarily due to HI, Hg, and the elements carbon, 
nitrogen, and oxygen. The reduction to equivalent hydrogen atoms requires the 
assumption of universal ratios of elemental abundance. Although the X-ray 
value for the gas to color excess includes the ionized component of the ISM, 
the mean ionization fraction cannot be derived from the difference between the 

X-ray and the ultraviolet results, because the ratio of heavy elements to hydro- 

21 

gen is more uncertain than the 15 percent difference between 5.8 and 6.7 x 10 
-2 -1 

cm mag • In fact, the abundance of heavy elements probably increases toward 
the galactic center (Peimbert et a1 . 1977, Churchwell et a1 . 1977). 


c) p Ophtuchl 


The point for p Oph A in Figure 2b deviates significantly fro,Ti the trends 
exhibited by the other stars. The value of N(HI+H 2 )/F.(B-V) = 15.4 x 10^^ cm'^ 
mag ^ is a factor of 2.7 larger than the mean interstellar ratio. The HI and H 2 
data for this star are of high quality and the color excess, E(8-V) “ 0.47, appears 
reliable; therefos-e, this dis'^repancy is real. Variations in the gas to E(B-V) 
ratio can be produced by actual changes in the gas to dust mass ratios or by 
changes in the shape of the interstellar extinction curve, and hence, changes 
in the dust scattering and absorbing efficiency between the B and V bandpasses. 
Carrasco, Strom, and Strom (1973) have presented evidence for an increase in 
the average particle size for the dust in the densest regions of the p Ophiuchi 
dark cloud. Of those stars in Table 1 that lie in the p Ophiuchi cloud, p Oph A 
appears to have the most anomalous extinction characteristics. The wavelength 
of maximum linear polarization peaks near 6900 8 rather than at the interstellar 
average of 5450 3 (Serkowski, Mathewson, and Ford 1975). The color-excess ratios 
E(V-K)/E(B-V) and E{V-L)/E(B-V) of 3.59 and 3.55 (Carrasco et al . 1973) imply a 
value of R = Ay/E(B-V) significantly larger than the interstellar average of 3.1. 
Finally, the far ultraviolet extinction curve for p Oph AB does not exhibit 
the rapid rise toward short wavelengths that characterizes the average intt>rstellar 
curve (Bless and Savage 1972). These extinction results imply that the grains 
toward p Oph are larger than for normal interstellar regions and it appears likely 
that the anomalous gas to E(B-V) ratio for p Oph is the result of the peculiar 
shape of the extinction curve for this star. The large grains that are required 
to explain a larger than normal R are inefficient in producing visual reddening . 
Therefore, if the total gas to dust mass ratio is nearly normal, an increase 
in N(HI+H 2 )/E(B-V) would be expected for any region containing 

a significant excess in the relative numbers of large particles. 
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IV. GALACTIC DISTRIBUTION OF HI 


The best estimate of the mean gas density in the galactic plane is derived 
from the product of the average g^s to color excess ratio of 5.8 x 10^^ cm'^ mag"^ 
and the mean color excess per kpc of 0.61 mag kpc“^ for matter in the plane 
(Spitzer 1968). The result is 

<n(HI+H 2 )> = 1.15 atoms cm"^. 

From Paper I. <n(H 2 )> = 0.143 molecules cin'^, which applies to matter in the plane 
within 500pc of the sun, and may be only a lower limit because of selectio. effects. 
Consequently, the best value for 

<n(HI)> = 0.86 atoir-j cm'^ 

might be an overestimate. Gordon and Burton (1976) derive <n(HI+H 2 )> “ 1.2 cm”^ 
at 10 kpc from the galactic center, in agreement with our value. They used 21-cm 
data to derive <n(HI)> = 0.4 cm’ and CO observations and a series of uncertain 
corrections to deduce <n{H 2 )> = 0.4 cm"^. Detailed comparisons of the results 
from the two techniques are dangerous, because the radio data applies to the 
mean for a ring of the ISM located at a galactocentric distance of 10 kpc, 
while the Copernicus measurements are of the solar neighborhood. Both sets of 
mean densities could be exactly correct because they refer to different volumes 
of space. 

The location in the galactic coordinates of each star in this survey is 
at the center of one of the ellipses in Figure 3. The width of each ellipse 
is proportional to the distance to the star and the height represents the mean 
HI space density (or its upper limit). Thus, the area of an ellipse is proportional 
to N(HI). In the ideal situation, it would be valuable to know the gas density 
n(x,y,z) at every point in the solar neighborhood. The La data determine only 
the mean density n(HI) along certain lines of sight which are non-randomly selected. 
The main selection effects are that the 03 stars tend to lie near the galactic 
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piano and that the stars tend to exist In groups or associations. Three of 
those well known associations are Indicated In Figure 3,v/here 21-cm (neasuremonts 
show an excels of gas In two of them, Per and Sco-Oph (Sancisl 1970, 1974). On 
the other hand, the limiting observation distance for Copernicus Is a strong 
^unction of the reddening. Thus, the densest concentrations of gas cannot be 
sampled at all, resulting In a general under-sampling of regions with an excess 
or even a normal amount of gas. 

Despite these limitations, Figure 3 contains much Information on the nature 
of n(x,y,z). Since a uniform Interstellar medium would show ellipses of the 
same height where the width Increases with distance, short ellipse rmresents 
a lower than average space density, and a tall ellipse shows a high n{HI). 

Figure 3 demonstrates that the local density Is strongly inhomogeneous. How- 
ever, nelghbor'tng stars tend to have about the same mean density, particularly 
1f they are close In distance. striking example Is the large 

region near the galactic plane centered at A 'v250°, where the Gum Nebula 
is located (see Savage and Jenkins 1972, Bohlln 1975, and Brandt et al . 1976). 

The ellipses are all short out to distances beyond lOOOpc. Occasionally, stars 
about 100 pc away like u and ^ Sco have little gas in the line of sight compared 
to more distant stars in neighboring directions. The apparent continuity of the 
distribution in Figure 3 suggests that the unsampled regions of the solar neighbor 
hood have an N(HI) that could be estimated from the closest survey star in 3 
dimensions. Outside of the dense Per and Sco-Opli clouds, the only significant 
exception is the pair HD 54662 and 55879 near A = 225® and b ■= -1®, which 
are with 2® in angle and 20 percent in distance, but differ by a factor of 4 
in n(HI), and also niHI+Hg). Even though an approximate spatial correlatinn 
exists in Figure 3, the best technique for estimating N(HI+H 2 ) for an arbitrary 
direction Is to use the average gas to color excess ratio and the extensive 

maps of E(B-V) as a function of A , b , and r in FitzGerald (1968). 
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Observations In the EUV below 912 are limited to directions where 

N(HI) Is very low, because of absorption In the Lyman continuum (Cruddace 

et al . 1974). If the density distrlbutloii Is spatially coherent, as suggested 

above, the upper limits on N(HI) toward 3 and e: CMa Indicate that atomic 

hydrogen column densities may be ‘’10^^ cm“^ over a 10-40° region out to 200 pc. 

According to the cross sections of Cruddace, et al . (1 974), this Implies 

an optical depth t less than unity shortward of about 200 R. However, longer 

wavelengths are still Inaccessible. At 600 R, t“ 1 for N(HI) = 5 x 10^^ cm“^, 

which corresponds to a distance of 1 pc for the mean density of 0.16 cm‘^, or 

just 16 pc at the low value of n(HI) = 0,01 cm"^' 

Because of the large extinction at ultraviolet wavelengths (Stecher 1969 

and Bless and Savage 1972), the limiting distance for observations at La Is 
a strong function of E(B-V). Figure 4 helps assess the effects of this In- 
complete sampling to a given distance for the Copernicus data. The total 

hydrogen column ,StLy for 96 stars is shown as a function of the stellar dis- 

-3 

tance Dashed lines represent the average density of 0.16 cm for the Intercloud 

stars (stars with f < 0.01; see Table 2) and the derived overall average of 

1.15 cm for the gas in the plane within 1000 pc of the sun. The filled symbols 

denote stars with f < 0.01, and the open symbols indicate stars with f>0.01. 

The cl cles refer to high latitude stars, where b >10° and z = r sinjbj > 60 pc. 

The triangles are the low latitude stars with b < 10° or z < 60 pc. Because 

of the good correlations between the gas and E(B-V), the strong effect of the 

reddening on the ultraviolet flux produces a cutoff in the observed N(HI+H 2 ) 

21 -2 

at about 2 x 10 cm , almost independent of the distance. Only p Oph, with 

21 -2 

its anomalous extinction, has N{HI+H 2 ) significantly greater than 2 x 10 cm" . 

The mean line n = 1.15 cm for matter in the plane within lOOOpc of the sun 

is not representative of the observations. The reason for this is that the 
average reddening of the observed stars is below the average reddening of 0.61 
mag kpc”^ for matter in the plane (Spitzer 1968), so that most of the observed 
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column donslties are less than the average, at all distances. Those few nearby 
stars that do lie above the mean line for n *= 1.15 cm are In Sco-Oph association 
where there (S »n excess of gas. 

The filled symbols for the low stars in Figure 4 scatter about the lower 

mean line for the intercloud stars with n = 0.16 cm’^. This indicates that the 

selection effects for this subset of directions is not large and, therefore, 

-3 

a density of 0.16 cm is probably typical for regions of the ISM where there 

are no dense clouds containing significant amounts of Hg. Baker and Burton 

(1975) derive n 0.17 cm" for the intercloud hydrogen using their spherical 

cloud model , where there are 3 clouds kpc“^ with a diameter of 5 pc and column 

densities of 3 x 10 cm . The tendency for the nearest stars to fall below 
-3 

the n *= 0,16 cm line is mainly indicative of the general ionization in the 
direction of the Gum Nebula. Only for r > 1000 pc do the open and filled circles 
(high latitude stars) fall systematically below their corresponding set of 
triangles (low latitude stars), as expected when the line of sight falls appre- 
ciably out of the thin galactic gas layer. 

_3 

If n(HI) = 0.16 cm is the correct intercloud density in the galactic 
plane, the scale height h for this component of the ISM can be estimated 
for a Gaussian density distribution of gas in the z direction, perpendicular 
to the plane where 


n(z) = 0.16 exp 




cm 


-3 


( 1 ) 


Provided the z velocity distribution of the gas is Gaussian, a Gaussian distri- 
bution for n(z) would be expected, since the gravitational acceleration in the 
z direction varies approximately linearly with distance above the plane (Oort 1960). 
The 8 lines of sight with |b| > 30° provide the best measure of the z-distribution , 
since low latitude stars may be contaminated by the selection of stars in associations. 
A ninth star H0219188 with b =-S0° does not provide a pure sample of the intercloud 
medium, because 6 percent of the hydrogen is molecular. The 8 high latitude 
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observations are shown iv'ith error boxes in Figure 5, where 

N( 2 ) -- N(HI) s1n|b( (2) 

for a plane parallel stratification of gas. The measurement for a Vir should not 
be given much weight because of possible small scale density fluctuations or 
significant ionization in this short line of sight, Baker and Burton (1975) 

-3 

give h =120 pc for the intercloud gas and about the same density n “ 0.17 cm 

in the plane for this component. However, the integral of equation (1) 

N(z) = n (z) dz for h = 120 pc does not fit the data well. A much more 
0 

extended distribution of gas is indicated with h closer to 350 pc. With an 
exponential density distribution given by 

n(z) = 0.16 exp ) cni"^, 
h 

the data are fitted reasonably well with h = 500 pc. Jenkins (1978) found 
a roughly similar exponential scale height, h = 300 (+200, -150) pc, for inter- 
stellar OVI. 

The HI La data do not suggest any asymmetries above and below the plane, 
but 2 of the 5 most distant stars in Figure 5 are towar! the galactic anticenter 
and lie below the other 3 stars, which are within 90° of the galactic center. Thus, 
the La data shows weak evidence for an increasing scale height toward the center 
of the galaxy. The ne . gr-,erations of ultraviolet telescopes in orbit should 
provide a more definitive determination of n(z) using the same technique dis''ussed 
here. 


V. DISCUSSION OF THE La MEASUREMENTS IN COMPARISON TO 21 -CM DATA 

As discussed earlier, the general comparison of the results of the ultraviolet 
survey do not conflict with the gross properties of the gas inferred from observa- 

- Q 

tions at 21-cm. In fact, the overall value for <n(HI+H 2 )> =1.15 cm" and n = 0.16 cm 
for the intercloud gas in the plane agree well with the values derived from radio 
data. A more detailed comparison, star by star, does not reveal an entirely 
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satisfactory picture. Observations at 21-cm with the radio telescope centered 
on stars of Interest provide the best comparison and have been obtained by Habing 
(1968), Goldstein and MacDonald (1969), Grayzeck and Kerr (1974), Giovanelll et al . 
(1978), and Cram (personal communication). The observations of Habing were made 
with a large beam size (37' by 40'), while Goldstein and MacDonald have calibration 
uncertainties. Because of these problems and significant Improvements In radio 
receivers In recent years, the data obtained in the 1960's will not be considered 
here. The column densities deduced by Grayzeck and Kerr are based on 
absolute nieasureinents of brightness temperature, which should be accurate 

to + 5 percent (Harten, et al . 1975). 

At low galactic latitudes, much of the gas may lie beyond the star, so 
that the only interesting cases are where N(HI) > N(21-cm). For values of 
N(21-cm) from Grayzeck and Kerr, this condition 1s true for several stars, 
including 6 Sco (Dohlin 1975). However, the Grayzeck and Kerr baselines systema- 
tically differ from those adopted by Glovanelli et al . (1978) and Cram. 

In general, high velocity wings up to MOO km s’’ that are seen by Giovanelli 

et al . and Cram make their column densities larger than those found by Grayzeck 
and Kerr. Differences in calibration are probably present, also. For example, 
Cram finds an N(21-cm) more than a factor of 2 greater than that of Grayzeck 
and Kerr for Sco. In this case, the difference in baseline accounts for 
only about 20 percent of the total discrepancy. 

The only unambiguous case were H(HI) > N(21-cm) is for p Oph with the 
preliminary value for the column density from Cram of more than a factor of 
three below the La result. Thus, the vitiated discussion for <5 Sco in Bohlin 
(1975) still applies for p Oph. Either small dense clouds in the 21-cm beam 
or large optical depths suggested by the low value of 46K for the excitation 
temperature of Hg from Paper I may explain the low 21-cm signal. In addition, 
the 21-cm profile should be examined for high velocity wings. A high resolution 
spatial and velocity mapping with the 21' beam used to observe p Oph by Cram 

would be a useful investigation with the VLA. 
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At high galactic latitudes, a comparison between N(HI) and precision 21-cm 
data would provide a measure of any tenuous HI in distant parts of the galactic 
halo. For stars at z > 500 pc, Figure G demonstrates that N{HI) should equal 
N(21-cni) for a Gaussian distribution with a reasonable scale height. Unfortunately, 
the 21-cm data toward high latitude stars is less accurate than at low latitudes. 

The 21-cm survey of about 200 OB stars (Cram personal communication) is the only 
survey that includes most of the stars observed at La. Of the three stars at 
|bj > 30° observed by both Cram and Giovanelli et al . . two agree well, but their 
values for HD93521 differ by more than a factor of three. This discrepancy results 
in part from different velocity coverage, but also points out the increased 
difficulty of assigning the proper baseline at high latitudes because of 21-cm 
radiation from the galaxy in the far sidelobes of the 140' antenna used for both 
measurements. In addition, the near sidelobes are important. Therefore, to un- 
ambiguously determine cloud sizes and reduce antenna temperatures to column den- 
sities, a full mapping of a large region around the stars is essential in order 
to make the spatial deconvolution of the beam pattern. A high resolution mapping 
is necessary because the distribution of gas over much of the sky at high lati- 
tudes show extensive structure on a scale comparable to typical 21-cm beam sizes 
(eg. see Fejes and Verschuur 1973). Reliable 21-cm column densities toward 
high l-'-titude stars are very difficult cr, perhaps, impossible to obtai' with 
single dish antennas. Thus, La absorption measurements may provide the best 
source of information on the tenuous neutral gas in the galactic halo. 

Discussions with T. Cram, R. Giovanell i, F. J. Kerr , and D. York clarified 
the problems associated with the interpretation of 21-cm data. Comments from 
E. Jenkins, L. Spitzer, and T. Stecher produced a significant improvement in 
the final manuscript. T. Snow cheerfully transmitted the large amounts of 
Copernicus data to GSFC on a regular basis, while K. Feggans was reponsible for 
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OBSERVATIONAL AVERAGES 
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GAS TO COLOR EXCESS RATIO 
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FIGURE CAPTIONS 


Fig. 1 


Fig. 2 


Fig. 3 


Fig. 4 


• Comparison between the L^j column densities obtained by Copernicus (0A0*3) 
and those from OAO-2. The dashed Tine is the locus of points representing 
exact agreement. The filled circles are from Bohlin (1975) and the ope n 
circles are the stars from the present survey. 

• (a) shows the correlation between the atomic hydrogen column density N(HI) 
and E(B-V), while (b) shows the correlation between the total hydrogen 
column density. N(HI«’H 2 ) ■ N(lil) *■ 2N(H2)« and E(B*V). In both (a) and (b), 
the dashed line s are the average ratios from Table 2. The triangles are 
the stars with high mean densities, n(hI*H 2 ) > 1 atom cm'^; and the circles 
represent cases where n(HI+H 2 ) < 1 atom cm’^. Open symbols denote stars 
with uncertain E(B-V) that were omitted in calculating the mean ratios. 

- The measured amount of atomic hydrogen as a function of t , b , and r. 

Each star is located at the center of an ellipse, whose width is proportional 
to the stellar distance. The mean density n(HI) is proportional to the 
height of the ellipse, while the area is a measure of the column density 
N(HI). The representation for the total neutral gas is quite similar. 

Three prominent OB associations are labeled. 

- The total gas column density, N(Hl+H 2 ), as a function of stellar distance. 

The upper dashed line represents the derived mean n(HI+H 2 ) ■ 1.15 atoms 

cm'^ for matter in the plane. The lower dash ed line is the mean n(HI+H 2 ) • 0.16 
atoms cm’ for the intercloud medium (see Table 2). Filled symbols denote 
stars with f < 0.01 . Open symbols denote stars with f ^ 0.01 . Circles 
denote stars w1th|b| > 10° and z > 60pc. Triangles denote stars with 
|b| < 10° or z < 60pc. 
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Fig. 5 • N(z) ■ N(HI) s1n|b| versts the dlstence z above the plane of the galaay. 
The error boxes denote the observations with ♦ 0?S allowed for the un> 
certainty In the absolute stellar magnitudes from which distances are 
estimated. The solid curves are the theoretical values of N(z) for 
a plane-parallel distribution In z with a density of 0.16 cm*^ In the 
plane. Two va1ue« of the scale height h for the assumed Gaussian 
distribution are shown. 
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